INTRODUCTION
Free radical species produced by sunlight, ultraviolet light, ionizing radiation, chemical reactions and metabolic processes have a wide variety of pathological effects, such as causing DNA damage, carcinogenesis and cellular degeneration related to aging (C r o s s , 1987 ; B e c m a n and A m e s , 1998). Almost all organisms are well protected against free radical damage by enzymes, Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad, № 120, 287-295, 2011 such as superoxide dismutase and catalase, or compounds, such as ascorbic acid, tocopherols and glutathione (N i k i et al., 1994) . In order to reduce the damage of free radicals, synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propylgallate (PG), and tert-butylhydroquinone (TBHQ) are used. However, according to toxicologists and nutritionists, the side effects of some synthetic antioxidants used in food processing, such as BHT and BHA, have already been documented. For example, higher levels of BHA and BHT have been suspected of being responsible for liver damage and carcinogenesis (D e O l i v e i r a et al., 2009; P r a s a d et al., 2009). Recently, much attention has been paid to screening natural biomaterials.
Among various natural antioxidants, polysaccharides, in general, have strong antioxidant activities and can be explored as novel potential antioxidants (J i a n g et al., 2005; N g et al., 2006) . Also, polysaccharides are potentially useful for pharmaceutical purposes due to a variety of their biological activities, such as immunological, anti-radiation, anti-blood coagulation, anticancer, anti-HIV and hypoglycemic activities (Y a n g et al., 2005; Y o o n et al., 2003) .
Therefore, the aim of the present work is to evaluate the antioxidant properties of hot water extracted polysaccharides from wild strain of the mushroom Ganoderma lucidum in the form of mature fruit bodies, collected from the Bojčinska forest near Belgrade, the Republic of Serbia. In recent years, wild edible mushrooms have become increasingly important in our diet for their nutritional and pharmacological characteristics. Their nutritional values and taste components have been studied. However, there is little information available about antioxidant properties of wild edible mushrooms.
Antioxidant properties were assayed in vitro in terms of antioxidant activity, by the conjugated diene method, reducing power, scavenging abilities on 1.1-diphenyl-2-picrylhydrazyl (DPPH) radicals and chelating ability on ferrous ions.
MATERIALS AND METHODS

Sample preparation
Fresh wild-growing fruiting bodies of mushroom Ganoderma lucidum were collected from the Bojčinska forest near Belgrade, the Republic of Serbia. After collecting, the fruiting bodies were brush-cleaned, air-dried to constant mass at 40 o C and ground into fine particles which were stored in the dark prior to the analysis.
Extraction of water soluble polysaccharide fraction
Up to 10% of dried powdered tissue was suspended in Milli-Q water. Polysaccharide extraction was done by autoclaving at 121ºC for 45 minutes.
The extract was cooled down and centrifuged at 9000 x g for 20 minutes. Supernatant was concentrated to 10% of the starting volume. Two volumes of 96% ethanol were added and left at 4 ºC overnight. After centrifugation, the pellets were washed with 70% ethanol, and dried in vacuum at 42 ºC. Purification was done by dialysis using ZelluTrans/Roth ® 6.0 regenerated cellulose tubular membrane (MWCO: 8.000-10.000) against Milli-Q for 24 h at room temperature in order to remove residual small molecules as polyphenols, peptides and polysaccharides < 8-10 kDa. After centrifugation high MW polysaccharides were ethanol precipitated and vacuum dried for later use.
DPPH (2.2-diphenyl-1-picryhydrazyl) radical scavenging activity
The assay was done according to the modified method of Bilos (1958) . In the first series, each polysaccharide powder (0.1-10 mg/ml, 2ml) in Milli-Q water was mixed with 1ml of freshly prepared DMSO solution containing 0.2 mM DPPH. In the second series, each sample was mixed with 1 ml DMSO solution. The reaction mixture was vortexed vigorously for 1 min and kept in the dark at 20 o C for 40 min. The absorbance of the resulting solution was measured spectrophotometrically at 517 nm against the blank using UV/VIS spectrophotometer (Shimadzu UV-1650 PC, Japan). DPPH free radical scavenging activity was calculated by the equation [1-(Ai-Aj)/Ac] x100, where Ai was the absorbance of 2 ml extract mixed with 1 ml DPPH solution, Aj was the absorbance of 2 ml extract mixed with 1 ml DMSO solution, and Ac was the absorbance of blank-2 ml of DMSO mixed with 1 ml of DPPH solution. Ascorbic acid, BHT and α-tocopherol dissolved in DMSO were used as the positive control. The EC50 value (milligrams of extract per milliliter) was the effective concentration at which DPPH radicals were scavenged by 50%, and it was obtained by interpolation from linear regression analysis.
Antioxidant activity
The antioxidant activity was determined by the conjugated diene method with slight modifications (L i n g n e r t et al., 1979). Each polysaccharide powder (0.1 to 20 mg/ml, 100μL) in Milli-Q water was mixed with 2 ml of 10 mM linoleic acid emulsion in 0.2 M sodium phosphate buffer (pH 6.5). Then, 6.5 mM Tween 20 was added to provide a stable emulsion which was shaken in the dark at 37 °C to accelerate the oxidation. After incubation for 15 h in 0.2 ml of antioxidant mixture, 6 ml of absolute methanol was added. The absorbance of the supernatant mixture was measured at 234 nm against a blank using a UV/VIS spectrophotometer (Shimadzu UV-1650 PC, Japan). The blank was the solution with all reagents but without extract. The proportional antioxidant activity was calculated from the equation [(A0 -A1)/ A0] x 100, where A0 was the absorbance of the control reaction and A1 the absorbance in the presence of the sample. Ascorbic acid and α-tocopherol were used as positive controls. A value of 100% indicated the strongest inhibitory ability.
Ferric-reducing antioxidant power assay
Reducing power was determined according to O y a i z u (1986). Each polysaccharide powder (0.1 to 20 mg/ml, 2.5 ml) in Milli-Q water was mixed with 2.5 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The mixture was vortexed and incubated at 50 o C for 20 min. Then, 2.5 ml of 10% trichloroacetic acid (w/v) was added and the mixture was centrifuged at 2000g for 10 min. The upper layer (5 ml) was mixed with 5 ml of Milli-Q water and 1 ml of 0.1% ferric chloride. The absorbance was measured at 700 nm against a blank using a UV/VIS spectrophotometer (Shimadzu UV-1650 PC, Japan). The blank was the solution with all reagents but without the extract. Higher absorbance indicated higher reducing power. Ascorbic acid was used as the positive control.
Chelating ability on ferrous ions
Chelating ability was determined according to the method of D i n i s et al. (1994) . Each polysaccharide powder (0.1 to 20 mg/ml, 1 ml) in Milli-Q water was mixed with 3.7 ml of Milli-Q water and 0.1 ml of 2 mM ferrous chloride. The reaction was initiated by the addition of 0.2 ml of 5 mM ferrozine. After 10 min. at room temperature, the absorbance of the mixture was determined at 562 nm against the blank. Blank was the solution with all reagents but without the extract. Lower absorbance indicated higher chelating ability. The EC50 value (mg extract/ml) was the effective concentration at which ferrous ions were chelated by 50%. Citric acid and ethylenediaminetetraacetic acid (EDTA) were used for comparison.
RESULTS AND DISCUSSION
DPPH is a free radical compound that has been widely used to determine the free radical-scavenging ability of various samples (S u et al., 2008) . At concentrations of 1 mg/ml, the scavenging ability of G. lucidum polysaccharide extract on DPPH radicals was 74.7 % (Figure 1 ). At 1 mg/ml, the radical scavenging ability of the positive controls BHT, ascorbic acid and α-tocopherol were 11.5, 77.1 and 79.4 %, respectively (Figure 1) . The radical scavenging ability of the extract and positive controls at 1 mg/ml decreased in the following order: α-tocopherol ≈ ascorbic acid > G. lucidum > BHT. At 10 mg/ml, the radical scavenging ability decreased in the following order: ascorbic acid > α-tocopherol ≈ G. lucidum > BHT. Using the conjugated diene method, the antioxidant activity of the polysaccharide extract from G. lucidum increased as the concentration increased to 78.0% at 20 mg/ml (Figure 1 ). Antioxidant activities of ascorbic acid and α-tocopherol were 63.8 % and 65.4% at 20 mg/ml, respectively.
Polysaccharide extract from G. lucidum showed steadily increasing reducing activity as concentrations increased to 2.9 at 20 mg/ml (Figure 2 ). Ascorbic acid, used as a positive control, had a reducing power of 3.5 at 20 mg/ml. High reducing power of G. lucidum polysaccharide extracts at 20 mg/ ml suggested high potential in hydrogen-donating ability (A d e s u n g et al., 2007) .
Chelating effects of the polysaccharide extract on ferrous ion increased with the increased concentrations (Figure 2 ). At 0.1-20 mg/ml, the chelating ability of G. lucidum polysaccharide extract was between 10.3-87.8%. The chelating effect of the synthetic metal chelator EDTA was 100% at 0.1-20 mg/ml, while citric acid was not a good chelating agent for ferrous ions in this assay, and its chelating ability was 10.3% at 20 mg/ml. 
EC50 values in antioxidant properties
The effectiveness of antioxidant properties was expressed as EC50 (mg/ml) value which represented the effective concentration of mushroom extract required to show 50% antioxidant property (Table 1) . Lower EC50 value corresponded to higher antioxidant activity of the mushroom extract.
Tab. 1 -EC50 values of polysaccharide extract from G. lucidum in antioxidant properties. Each value is expressed as mean ± SEM (n = 3). EC50 a (mg extract/ml) Scavenging ability on DPPH radicals 0.16 ± 0.03 Antioxidant activity 8.89 ± 0.12 Reducing power 2.69 ± 0.17 Chelating ability on ferrous ions 3.48 ± 0.10 a EC50 value: The effective concentration at which 1.1-diphenyl-2-picrylhydrazyl (DPPH) radicals were scavenged by 50%; the antioxidant activity was 50%; the absorbance was 0.5 for reducing power; and ferrous ions were chelated by 50%. EC50 value was obtained by interpolation from linear regression analysis.
With regard to scavenging ability on DPPH radicals, the polysaccharides from wild strain of G. lucidum showed very good scavenging ability which could be observed in their low EC50 values (0.16 ± 0.03 mg/ml). Ascorbic acid and α-tocopherol were both confirmed as excellent scavengers of DPPH radicals (EC50 < 0.1 mg/ml). BHT also proved to be a good DPPH radical scavenger (EC50 = 11.86 mg/ml). An EC50 value of the antioxidant activity was 8.89 ± 0.12 mg/ml. α-tocopherol showed excellent antioxidant activity (EC50 < 0.1 mg/ml), whereas ascorbic acid also had a good activity as shown by its low EC50 value (1.64 mg/ml).
For reducing power EC50 value was 2.69 ± 0.17 mg/ml. Ascorbic acid showed excellent reducing activity (EC50 < 0.1 mg/ml). EC50 value of the chelating ability of G. lucidum extract was 3.48 ± 0.10 mg/ml. The chelator EDTA showed higher activity (EC50 < 0.1 mg/ml). An EC50 value of the citric acid was < 20 mg/ml.
CONCLUSION
The results of the present study suggest that polysaccharide extract from wild strain of the Ganoderma lucidum mushroom acts as natural antioxidant. The extract exhibited good antioxidant activities, and some even showed higher potency than the standard synthetic antioxidants in some instances; for example, G. lucidum polysaccharide extract had higher activity in the DPPH assay when compared to BHT. Polysaccharide extract may be a good source for the development of antioxidant food additives. Further investigations are necessary to verify these activities in vivo. 
